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Abstract
Evolutionary algorithms and the particle swarm optimization method have been used to
predict stable and metastable high hydrides of iron between 150-300 GPa that have not been
discussed in previous studies. Cmca FeH5, Pmma FeH6 and P2/c FeH6 contain hydro-
genic lattices that result from slight distortions of the previously predicted I4/mmm FeH5
and Cmmm FeH6 structures. Density functional theory calculations show that neither the
I4/mmm nor the Cmca symmetry FeH5 phases are superconducting. A P1 symmetry FeH7
phase, which is found to be dynamically stable at 200 and 300 GPa, adds another member to the
set of predicted nonmetallic transition metal hydrides under pressure. Two metastable phases
of FeH8 are found, and the preferred structure at 300 GPa contains a unique 1-dimensional
hydrogenic lattice.
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Introduction
The composition and structure that hydrides of iron may assume under pressure has long been of
interest to geoscientists. Seismic models suggest that the Earth’s core consists of iron alloyed with
nickel and numerous light elements, one of which is suspected to be hydrogen.1 More recently,
however, it was proposed that such systems may be a route towards high density bulk atomic hy-
drogen.2 The allure of high temperature superconductivity in compressed high hydrides3–6 has
been heightened with the discovery of superconductivity below 203 K in a sample of hydrogen
sulfide that was compressed to 150 GPa,7 and most recently in studies of the lanthanum/hydrogen
system8,9 . Very high Tc values have been theoretically predicted for many high hydrides includ-
ing CaH6 (235 K at 150 GPa),10 ScH9 (233 K at 300 GPa),11 YH6 (264 K at 120 GPa),12 and
LaH10 (286 K at 210 GPa).13 Moreover, a number of hydrides with intriguing stoichiometries have
recently been synthesized under pressure including LiH6,14 NaH7,15 and LaH10.16
Under pressure the solubility of iron in hydrogen increases17 yielding phases with Fe:H ratios
that approach 1:1,18,19 which undergo a number of pressure induced structural phase transitions.20
Evolutionary crystal structure searches coupled with density functional theory (DFT) calculations
for FexHy (x, y = 1−4) at 100-400 GPa found a number of unique (meta)stable structures, includ-
ing FeH3 in the Pm3¯m and Pm3¯n spacegroups, as well as P21/m FeH4.21 A further theoretical
study that focused on the FeH4 stoichiometry found the following sequence of phase transitions:
P213 → Imma → P21/m at 109 and 242 GPa.22 The superconducting critical temperature, Tc,
of the only metallic phase, Imma FeH4, was estimated as being 1.7 K at 110 GPa. Recently,
variable-composition evolutionary searches up to 150 GPa found a number of hitherto unknown
stable high hydrides of iron including P4/mmm Fe3H5, I4/mmm Fe3H13, I4/mmm FeH5, and
FeH6 with Cmmm and C2/m symmetries.23
The theoretical study of Bazhanova and co-workers21 inspired experiments by Pe´pin et. al.
that resulted in the first synthesis of the higher hydrides of iron under pressure.24 A ferromagnetic
I4/mmm FeHx phase with x ∼ 2 formed at 67 GPa, and at 86 GPa further hydrogen uptake
yielded a nonmagnetic Pm3¯m FeH3 phase. DFT calculations showed that both of the synthesized
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phases were metallic. Three years later the same group synthesized FeH5 via a direct reaction
between iron and H2 above 130 GPa in a laser-heated diamond anvil cell.2 Powder X-ray diffrac-
tion and Rietveld refinement determined that the lattice likely possesses I4/mmm symmetry at
130 GPa. It is composed of layers of quasicubic FeH3 units and atomic hydrogen whose H-H
distances resembled those found in bulk atomic hydrogen.2 DFT calculations coupled with evolu-
tionary searches verified that I4/mmm FeH5 was thermodynamically stable from 85 GPa up to
at least 150 GPa.23 I4/mmm FeH5 was estimated to be superconducting below ∼50 K around
150 GPa,23,25 and the Tc of Cmmm FeH6 was estimated as being 43 K at 150 GPa.23 However,
recent calculations have questioned the conclusions of Refs.,23,25 failing to find superconductivity
within I4/mmm FeH5.26
Herein, we have carried out structure prediction via an evolutionary algorithm (EA) as well
as the particle swarm optimization (PSO) technique to find the most stable structures of FeHn
(n = 5− 8) at 150, 200 and 300 GPa. A number of stable or metastable phases that have not been
previously discussed are found. Importantly, in agreement with Heil et al.,26 but in disagreement
with previous reports,23,25 we do not find superconductivity in either I4/mmm FeH5 nor in a newly
predicted Cmca FeH5 phase. These two dynamically stable, nearly isoenthalpic FeH5 geometries
are related by a slight structural distortion that decreases the PV term, but increases the energetic
term to the enthalpy of theCmca geometry as compared to the I4/mmm arrangement. Metastable
FeH6, FeH7 and FeH8 phases that could potentially be accessed experimentally are found, and the
peculiarities of their structures and electronic structures are discussed.
Computational Details
The search for stable high pressure structures with FeHn (n = 5 − 8) stoichiometries was carried
out using the XTALOPT 27 evolutionary algorithm (EA) (releases 1028 and 1129), and the particle
swarm optimization (PSO) algorithm as implemented in the CALYPSO30 code. EA runs were
carried out employing simulation cells with 2-8 formula units (FU) at 150, 200 and 300 GPa.
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In the EA search duplicate structures were detected via the XTALCOMP algorithm.31 PSO runs
were performed using cells containing up to 4 FU at 150, 200 and 300 GPa. The lowest enthalpy
structures from each search were relaxed in a pressure range from 150 to 300 GPa.
Geometry optimizations and electronic structure calculations were performed in the framework
of density functional theory (DFT) as implemented in the Vienna Ab Initio Simulation Package
(VASP)32,33 with the gradient-corrected exchange and correlation functional of Perdew-Burke-
Ernzerhof (PBE).34 The projector augmented wave (PAW) method35 was used to treat the core
states, and a plane-wave basis set with an energy cutoff of 600 eV was employed for precise
optimizations. The H 1s1 and Fe 2s22p63d74s1 electrons were treated explicitly in all of the cal-
culations. The k-point grids were generated using the Γ-centered Monkhorst-Pack scheme, and the
number of divisions along each reciprocal lattice vector was chosen such that the product of this
number with the real lattice constant was 30 A˚ in the structure searches, and 60-80 A˚ otherwise.
Tests carried out on I4/mmm and Cmca FeH5 showed that the k-meshes and energy cutoffs used
yielded relative enthalpies that were converged to within ∼0.1 meV/atom . The magnetic moment
was calculated for select phases. It was found to be zero, in agreement with previous studies, which
found that the high hydrides of iron become nonmagnetic above 100 GPa,23 and that the magnetic
moment of I4/mmm FeH2 drops to zero by about 140 GPa.36
Phonon band structures were calculated using the supercell approach,37,38 or DFT perturbation
theory.39 In the former, Hellmann-Feynman forces were calculated from a supercell constructed by
replicating the optimized structure wherein the atoms had been displaced, and dynamical matrices
were computed using the PHONOPY code.40 The Quantum Espresso (QE)41 program was used to
obtain the dynamical matrix and electron-phonon coupling (EPC) parameters. H and Fe pseudopo-
tentials, obtained from the QE pseudopotential library, were generated by the Vanderbilt ultrasoft
method42 with a 1s1 configuration for H and a 3s23p63d6.54s14p0 valence configuration for Fe.
These are the same pseudopotentials used in Ref.25 The PBE generalized gradient approximation
was employed. Tests were carried out to confirm that the values calculated for I4/mmm FeH5 at
200 GPa were in agreement with results obtained using PBE-PAW Troullier-Martins potentials43
5
generated by the “atomic” code44 with valence configurations of 1s1 for H and 3s23p63d64s2 for
Fe. The critical superconducting temperature, Tc, was estimated using the Allen-Dynes modified
McMillan equation,45 where the renormalized Coulomb potential, µ∗, was assumed to be 0.1. Fur-
ther details about the dependence of the results on the Gaussian broadening used, as well as the k
and q meshes employed, are provided in the SI.
Results and Discussion
Superconductivity in FeH5?
Fig. 1 plots the enthalpies of formation, ∆HF , of the most stable FeHn (n = 5 − 8) compounds
that were found via crystal structure prediction (CSP) techniques at 150, 200 and 300 GPa. In
a few cases, as discussed in more detail below, the enthalpies of two or more structures differed
by only a few meV/atom. Phonon calculations, see Figures S3 and S4 in the SI, were carried out
to confirm the dynamic stability of the predicted structures. The phases whose ∆HF lie on the
convex hull are thermodynamically stable, whereas those that do not are metastable. At all of
the pressures considered only FeH5 lay on the convex hull, regardless of whether the zero-point
energy (ZPE) was included in the enthalpy or not. At 300 GPa FeH6 lay on both hulls, but at
lower pressures it was less than 9 meV/atom above the hull. At 300 GPa FeH7 and FeH8 lay
less than 10 meV/atom above the ZPE-corrected hull, but at lower pressures the distance to the
hull was larger. Because these phases are dynamically stable and they lie close to the hull, they
could potentially be synthesized in experiments. For example, recently a metastable Ca2H5 phase
that was calculated to be 20 meV/atom above the 20 GPa hull was synthesized in a laser heated
diamond-anvil cell.48 And, computations showed that the hydrides of phosphorus that are likely
contributors to the superconductivity measured in compressed phosphine between∼80-225 GPa49
are dynamically stable, but unstable with respect to decomposition into the elemental phases by at
least 30 meV/atom.50,51
At 150 and 200 GPa the most stable FeH5 structure identified in our searches possessed I4/mmm
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Figure 1: The enthalpy of formation, ∆HF , for the reaction Fe + n2H2 → FeHn and n = 5 − 8
versus the H2 mole fraction in the binary compound at different pressures. The enthalpies of C2/c
H2 (150, 200 GPa) and Cmca H2 (300 GPa),46 as well as of hcp Fe (150-300 GPa)47 were used to
calculate ∆HF . The squares/circles denote enthalpies without/with ZPE corrections. The lines
represent the convex hull.
symmetry, in agreement with the phase that was proposed experimentally.2 Recently, this same
phase was found using various CSP techniques, and it was computed to be thermodynamically
stable from 85-300 GPa.23,36 At 300 GPa our searches also revealed a Cmca structure that was
nearly isoenthalpic with I4/mmm FeH5. The enthalpies of these two phases differed by less
than 1 meV/atom, even when the ZPE was taken into account. Both crystals, illustrated in Fig.
2, are comprised of face-sharing simple-cubic like layers of FeH3 units, which resemble the high
pressure Pm3¯m FeH3 phase synthesized in Ref.,24 arranged in an ABAB... stacking. A number
of previously predicted high pressure iron hydride phases contained this FeH3 motif, including
I4/mmm FeH2, I4/mmm Fe3H13 and Cmmm FeH6.23 In FeH5 these units are separated by lay-
ers of hydrogen atoms that form puckered hexagonal honeycomb sheets. At 300 GPa the nearest
neighbor Fe-Fe, Fe-H and H-H distances are nearly the same in the two phases: 2.238/2.239 A˚,
1.426/1.424 A˚, and 1.232/1.236 A˚, respectively, in I4/mmm / Cmca. Plots of the electron local-
ization function (ELF) do not provide any evidence of covalent bond formation. For example, the
ELF at the midpoint between two H atoms is ∼0.55, in-line with the long H-H distances.
A unit cell of the Cmca structure contains twice as many atoms as does I4/mmm. However,
the main difference between these phases originates from their two stacked hydrogenic layers, col-
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ored green and pink in Fig. 2. When projected onto the ab plane in the I4/mmm lattice the H-H-H
angles measure 90◦ and 180◦, whereas a similar projection in the Cmma structure reveals a distor-
tion has taken place resulting in smaller H-H-H angles and a doubling of the unit cell. As shown
in the SI, this structural distortion yields a slightly smaller volume for the Cmca phase above
∼225 GPa, giving rise to a smaller PV contribution to the enthalpy. The electronic contribution,
on the other hand, favors the I4/mmm structure. These opposing effects cancel each other out, so
the two phases are nearly isoenthalpic. Similar behavior has been observed for the I4/mmm and
C2/m PH2 structures50 that were proposed to contribute to the superconductivity observed when
phosphine was compressed to 207 GPa.49
(d)(c)
(a) (b)
Figure 2: Crystal structures of (a) I4/mmm FeH5 and (b) Cmca FeH5 at 300 GPa. Fe atoms are
shown in brown and hydrogen atoms in pink and green. The FeH3 unit that is found in a number of
high-pressure iron hydrides is outlined by the dashed black lines. Views of the puckered hydrogen
layers in (c) I4/mmm FeH5 projected onto the ab plane, and (d) Cmca FeH5 projected onto the bc
plane are also provided. Connections are drawn between H-H and Fe-Fe nearest neighbor atoms
to more clearly illustrate the structure, and they are not indicative of bonds.
It was pointed out25 that the hydrogenic layers in I4/mmm FeH5 resemble the Cmca phase of
hydrogen that was predicted to be stable between 385-490 GPa.46 SC-DFT calculations yielded a
Tc of 242 K at 450 GPa for this H2 phase.52 Its nearest neighbor H-H distances, 0.80 A˚, are signif-
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icantly shorter than those found within FeH5 in the pressure range considered here. Despite this,
in Ref.25 it was postulated that the structural similarities between Cmca H2 and the hydrogenic
layers in I4/mmm FeH5 would render the latter phase superconducting. The electron phonon
coupling, λ, and logarithmic average phonon frequency ωlog was calculated to be 1.13 and 614 K
at 130 GPa,25 and 0.97 and 642.3 K at 150 GPa.23 Using a value of 0.1 for the Coulomb pseudopo-
tential, µ∗, Tc was estimated as being 51/46 K at 130/150 GPa via the Allen-Dynes equation, and
43 K at 150 GPa via the McMillan equation.23,25 On the other hand, recently Heil, Bachelet and
Boeri used Migdal-Eliashberg theory to show that the Tc of FeH5 at these conditions is actually
≤1 K.26 Our calculations (details are provided in the SI) are in good agreement with those of Heil
et. al. Using the QUANTUM ESPRESSO 41 package we obtain λ = 0.15/0.18, ωlog = 1130/1085 K
for I4/mmm / Cmca FeH5 at 200/300 GPa, both yielding a Tc < 1 K for µ∗ = 0.1. The computed
phonon band structure and Eliashberg spectral function for these phases is provided in Fig. 3. For
comparison, at 150 GPa Heil and co-workers obtained λ = 0.14 and ωlog = 1050 K yielding a Tc
of 0 K for µ∗ = 0.16 via a more elaborate calculation carried out using the EPW code.53
The calculation of λ within QUANTUM ESPRESSO requires a double-delta integration over
the Fermi surface54 (see the SI for further details). This integration can be performed by using
very dense k-point (electronic) and q-point (phonon wave-vector) grids where the δ functions are
approximated using Gaussians. In studies of solid atomic hydrogen at high pressures the broaden-
ings that yielded converged λ were typically between 0.02 to 0.025 Ry., but some phases required
broadenings of 0.035 Ry.55 In our work λ was converged for broadenings of 0.04-0.05 Ry. In the
SI we illustrate that Tc values in-line with those calculated in Refs.23,25 can be obtained within
QUANTUM ESPRESSO using very large Gaussian broadenings of ∼0.275 Ry.
First principles calculations did not find superconductivity in Pm3¯m FeH3 at 150 GPa,26 nor
in Fm3¯m CoH2, I4/mmm CoH2 and Pm3¯m CoH3 up to 200 GPa56 (the latter two structures are
isotypic with the previously synthesized iron analogues24). The maximum Tcs for the predicted
Fm3¯m RuH, Pm3¯m RuH3 and Pm3¯n RuH3 phases were calculated to be 0.4 K (100 GPa), 3.6 K
(100 GPa) and 1.3 K (200 GPa) at the pressures given in the parentheses.57 And a Tc of 2.1 K at
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Figure 3: Phonon band structures, the Eliashberg spectral function, α2F (ω), and the electron-
phonon integral, λ(ω), for (a) I4/mmm FeH5 at 200 GPa, and (b) Cmca FeH5 at 300 GPa.
10
100 GPa was calculated for an Fm3¯m symmetry OsH phase.58 These estimates do not bode well
for superconductivity within the Group 8 polyhydrides under pressure.
Structural Distortions in FeH6
For the FeH6 stoichiometry evolutionary searches predicted that a C2/m symmetry phase would
be thermodynamically stable between 35-82 GPa.23 Above this pressure it was found to transform
to the Cmmm phase illustrated in Fig. 4(a), which lay on the convex hull up to 115 GPa and was
only 1.5 meV/atom above the hull up to 150 GPa. PSO searches, on the other hand, found that
C2/m FeH6 transformed into a Cmcm symmetry structure at 100 GPa, followed by the Cmmm
phase in Fig. 4(a), which was computed to be stable between 106.8 - 115 GPa.36 This same study
concluded that the FeH6 stoichiometry is not thermodynamically stable between 115-213.7 GPa,
but above this pressure a nonmetallic C2/c FeH6 phase became stable up to at least 300 GPa.
In addition to Cmmm FeH6, our EA searches found the Pmma and P2/c phases illustrated in
Fig. 4 (b, c). Not taking into account the ZPE, the enthalpies of these three phases were within
1 meV/atom of each other up to 180 GPa. When the ZPE was included, the enthalpy of the
Pmma phase was ∼2 meV/atom lower than P2/c at 150 GPa. Above 200 GPa the C2/c phase
found previously in Ref.36 became preferred up to the highest pressures considered herein, and it
lay on the 300 GPa hull.
The Cmmm, Pmma and P2/c symmetry FeH6 structures are all related, since they are com-
prised of layers of the same face-sharing FeH3 units found in FeH5 separated by two puckered
layers of hydrogen atoms that are in turn separated by a layer of H2 molecules. The main differ-
ence between these three phases arises from small distortions of their hydrogenic sublattices. As
shown in Fig. 4 (d) , when the hydrogen atoms in the Cmmm phase are projected onto the ab
plane the H-H-H angles measure 90.7◦ and 89.3◦. In the Pmma structure these angles measure
95.3◦ and 84.7◦ instead. Moreover, whereas the H2 molecules are parallel to each other in the
Cmmm phase, in Pmma every second H2 molecule has been rotated by 90◦ along the a-axis, as
evident from Fig. 4(e) . As shown in Figure S5, these slight distortions result in a smaller volume
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Figure 4: Crystal structures of (a) Cmmm, (b) Pmma and (c) P2/c FeH6 at 200 GPa. The
FeH3 unit that is found in a number of high-pressure iron hydrides is outlined by the dashed black
lines. (d,e,f) A top-down view of the hydrogen layers is provided below each structure to more
clearly illustrate the differences between them. Monoatomic hydrogen atoms are colored pink and
hydrogen atoms belonging to H2 are colored green.
for the Pmma phase in the whole pressure range studied. As the pressure increases, so does the
difference in the volume and the PV contribution to the enthalpy favors the more compact Pmma
phase. The electronic contribution to the enthalpy for the two phases is nearly the same at 150 GPa,
but because of the PV term Pmma FeH6 is favored by 0.6 meV/atom at this pressure.
The P2/c phase represents a further distortion of the hydrogenic sublattice. The main differ-
ence between the Pmma and P2/c geometries is that the two layers of hydrogen atoms are no
longer stacked on top of each other in the latter. The shear in the lattice, which can be seen most
clearly when comparing Fig. 4(e) with Fig. 4(f), results in a smaller volume in the P2/c phase
above 160 GPa. The smaller PV contribution to the enthalpy is the driving force for the stabiliza-
tion of this phase by 0.2 meV/atom at 200 GPa . At 200 GPa the H-H bond lengths in the three
phases are nearly equidistant, measuring 0.729 A˚, 0.730 A˚ and 0.733 A˚ in Cmmm, Pmma and
C2/c, respectively. Phonon calculations revealed that Cmmm FeH6 is dynamically stable only at
100 GPa, whereas Pmma FeH6 is dynamically stable at 150 GPa, and P2/c FeH6 is dynamically
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stable at 150 GPa and 200 GPa.
Above 200 GPa P2/c FeH6 becomes unstable with respect to theC2/c phase that was predicted
via the PSO technique.36 This structure does not possess any molecular hydrogen units, with the
shortest H-H distance measuring 1.156 A˚ at 300 GPa. The crystal structure of this phase, along
with its remarkable electronic structure that renders it nonmetallic, has been described fully in
Ref.36
Metastable FeH7 and FeH8
At 150 GPa the dynamically stableC2/c FeH7 phase illustrated in Fig. 5(a) had the lowest enthalpy
and it remained the most stable geometry up to 190 GPa. Like FeH5 and FeH6, this phase is
comprised of layers of face-sharing FeH3 units that assume an ABAB... stacking. Similar to FeH6,
the FeH3 slabs are separated by puckered layers comprised of hydrogen atoms and layers of H2
molecules whose H-H distance measures 0.759 A˚. A comparison of the hydrogenic layers of P2/c
FeH6 and C2/c FeH7, shown in Fig. 4(f) and Fig. 5(b), suggests the two may be related by a
structural distortion.
Above 190 GPa, the P1 symmetry FeH7 phase illustrated in Fig. 5(c) was preferred. Phonon
calculations showed this phase was dynamically stable at 200 and 300 GPa. Each iron atom in
the three-dimensional Fe framework was coordinated to four others with Fe-Fe distances of 2.28-
2.34 A˚ at 300 GPa, which is somewhat shorter than the 2.48 A˚ found for the Im3¯m Fe phase at
ambient conditions.59 The iron sublattice of P1 FeH7 resembled that of the previously predicted
C2/c FeH6 phase,36 with the main difference between them being the shape of the channels that
run along the c-axis. In both systems hydrogen lies within these channels, however whereas C2/c
FeH6 is comprised only of hydrogen atoms, P1 FeH7 contains both hydrogen atoms and H−3 -like
units with H-H distances measuring 0.894 and 0.986 A˚, and an H-H-H angle of 176.3◦. Such linear
H−3 motifs have been previously predicted in numerous polyhydride phases under pressure.
60,61 The
shape adopted by the Fe framework, and the somewhat longer Fe-Fe distances in FeH7 as compared
to FeH6, can be attributed to the structural nuances of the hydrogenic lattice. It is interesting to
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Figure 5: (a) Crystal structure of the C2/c FeH7 phase at 150 GPa, and (b) a view of its hydrogenic
layers projected onto the bc plane. (c) Crystal structure, and (d) total and projected DOS of P1
FeH7 at 300 GPa. Monoatomic hydrogens are colored pink, hydrogen atoms belonging to H2 units
are colored green, and hydrogen atoms belonging to H−3 units are colored purple.
note that like C2/c FeH6, P1 FeH7 is nonmetallic, as is evident in the plot of the density of states
(DOS) in Fig. 5(d). Within PBE the band gap of the former is computed to be 0.38 eV at 300 GPa
(cf. 0.93 eV at 220 GPa with the HSE06 functional36), whereas we calculate the PBE band gap of
the latter to be 0.32 eV at 200 GPa and 0.11 eV at 300 GPa. Thus, in addition to P21/m FeH4,22
and C2/c FeH6,36 P1 FeH7 is another nonmetallic transition metal hydride at high pressure.
The most stable FeH8 phase found possessed Pmma symmetry up to 290 GPa and assumed
Ima2 symmetry at higher pressures. As illustrated in Fig. 6(a), it consisted of zig-zag motifs that
could be constructed by removing atoms from the FeH3 building blocks common to many of the
other high pressure iron hydrides, separated by layers of atomic hydrogen and H2 molecules whose
H-H distance measured 0.76 A˚ at 150 GPa. Phonon calculations revealed this phase was dynam-
ically stable at 150 and 200 GPa. The Ima2 phase, shown in Fig. 6(b) is also comprised of these
same zig-zag motifs, but they are arranged in an ABAB... stacking. At 300 GPa 1-dimensional
hydrogenic motifs that have not been observed in any other high pressure polyhydride emerged in
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this phase. In these chains, which resembled a row of “X” motifs joined by one hydrogen atom, the
H-H distances ranged from 0.99-1.06 A˚, resulting in a bonding interaction, as shown via the plot of
the ELF in Fig. 6(c). Note that the nearest neighbor distance between the hydrogen atoms outlined
in the red and purple boxes in Fig. 6(c) was 1.290-1.322 A˚, so there was no bonding interaction
between them.
0.4
1.0(c)(b)(a)
Figure 6: Crystal structures of (a) Pmma FeH8 at 150 GPa, and (b) Ima2 FeH8 at 300 GPa. (c) A
plot of the ELF of Ima2 FeH8 viewed in the ab plane with z =0.742.
Conclusions
Crystal structure prediction techniques coupled with density functional theory calculations were
employed to find the most stable FeHn (n = 5 − 8) structures at 150, 200 and 300 GPa. The
geometries, electronic structures and propensity for superconductivity of stable and metastable
phases has been investigated. Our work adds the following contributions to the already published
theoretical studies of hydrides of iron under pressure:21–23,25,36
• in disagreement with the results of Majumdar et al.25 and Kvashnin et al.,23 but in agree-
ment with Heil and co-workers26 we do not find superconductivity in the recently synthe-
sized I4/mmm FeH5 structure,2 nor in the structurally similar and isoenthalpic Cmca FeH5
phase.
• via crystal structure prediction techniques we have found three new phases, Cmca FeH5,
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Pmma FeH6, and P2/c FeH6, whose hydrogenic lattices can be derived by distortions of
the previously reported I4/mmm FeH5 andCmmm FeH6 phases. The structural distortions
decrease the volume and the PV contribution to the enthalpy, however they increase the
electronic energy. The interplay between these two factors can render two or more distinct,
dynamically stable phases nearly isoenthalpic within a given pressure range. Increasing
pressure typically tends to stabilize the phase with the smaller volume.
• we add one more nonmetallic high pressure transition metal hydride, P1 FeH7, to the list
of previously reported insulating structures: P213 and P21/m FeH4,22 and C2/c FeH6.36
P1 FeH7, whose structure resembles that of C2/c FeH6, is dynamically stable at 200 and
300 GPa. At these pressures it is sufficiently close to the convex hull so that it could poten-
tially be synthesized in experiments.
• two metastable FeH8 phases are predicted, with the structure found at 150 and 200 GPa
being composed of motifs that could be derived from the FeH3 building blocks common to
many of the high pressure iron hydrides. The 300 GPa structure contains a 1-dimensional
hydrogenic sublattice that has not been previously observed.
Supporting Information
The Supporting Information is available free of charge on the ACS Publications website at DOI:
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parameters employed in the QE calculations.
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